Background and Purpose-Carotid plaque composition is a major determinant of cerebrovascular events. In the present analysis, we evaluated the relationship between intraplaque hemorrhage (IPH) and a thin/ruptured fibrous cap (TRFC) in moderately stenosed carotid arteries and cerebral infarcts on MRI in the ipsilateral hemisphere. Methods-A total of 101 patients with a symptomatic 30% to 69% carotid artery stenosis underwent MRI of the carotid arteries and the brain, within a median time of 45 days from onset of symptoms. The presence of ipsilateral infarcts in patients with and without IPH and TRFC was evaluated. Results-IPH was seen in 40 of 101 plaques. TRFC was seen in 49 of 86 plaques (postcontrast series were not obtained in 15 patients). In total, 51 infarcts in the flow territory of the symptomatic carotid artery were found in 47 patients. Twenty nine of these infarcts, found in 24 patients, were cortical infarcts. No significant relationship was found between IPH or TRFC and the presence of ipsilateral infarcts. 
L
arge randomized controlled trials have demonstrated that patients with a symptomatic 70% to 99% stenosis of the carotid artery benefit most from carotid endarterectomy. 1 In line with these results, decision making for patients with a symptomatic carotid artery stenosis is currently based on the degree of stenosis. Nevertheless, in the past decades, research has demonstrated that atherosclerotic plaque components may also play a role in risk assessment of these patients. 2 Previous MRI studies suggest a correlation between specific carotid plaque components and the presence of cerebral infarcts on MRI, as well as clinical events during follow-up. [3] [4] [5] [6] The aim of the present cross-sectional study is to evaluate the association between intraplaque hemorrhage (IPH) and a thin/ ruptured fibrous cap (TRFC) and the presence of infarcts on MRI in patients with a symptomatic 30% to 69% carotid artery stenosis. Vulnerable plaque components, such as IPH, remain detectable in the plaque even after 18 months. 7 Therefore, we hypothesize that both old and recent infarcts might be related to vulnerable carotid plaque components as assessed on MRI. Because not all subcortical infarcts are considered to be a result from large-vessel disease, in contrast to cortical infarcts, we evaluate both cortical and total amount of infarcts.
are previously described. 8 A detailed description of the stenosis calculation can be found on http://stroke.ahajournals.org. Institutional review board approval was obtained, and all patients gave a written informed consent.
Imaging
Brain and carotid imaging were performed on the same day. Imaging was performed on 3.0 Tesla whole-body MRI scanners, with an imaging protocol described previously. 8 A brief description of the imaging protocol can be found on http://stroke.ahajournals.org.
Image Analysis
Two trained readers (M.T. and A.D.), blinded for the brain MRI results, performed the carotid MRI analysis in VesselMASS (Leiden University Medical Center, Leiden, the Netherlands). Analysis was performed according to previously published criteria, which demonstrated a moderate to good intra-and interobserver reproducibility (κ coefficient=0.60-1.00). 9 All brain MRI scans were evaluated for the presence of infarcts. Of all scored infarcts, the localization in the brain (cortical or subcortical) and the flow territory was subsequently determined. Brain images were assessed by a single experienced neuroradiologist (J.H.), blinded for the carotid MRI and clinical characteristics.
Statistical Analysis
The association between plaque components and the presence of infarcts on MRI was evaluated with a Fisher exact test. Statistical analyses were performed in IBM SPSS Statistics version 20 (IBM Corporation, Armonk, NY).
Results
IPH was present in 40 of 101 patients. In 15 patients, the fibrous cap status could not be assessed because no postcontrast MRI was obtained (n=6) or the postcontrast series had inferior image quality (n=9). Consequently, the fibrous cap status could be evaluated in 86 patients, and a TRFC was present in 49 of these patients. In 8 patients, both a TRFC and IPH were present ( Figure 1 ). In total, 51 infarcts in the flow territory of the symptomatic carotid artery were found in 47 patients. Twenty nine of these infarcts, found in 24 patients, were located in the cortical region ( Figure 2 ). An overview of baseline characteristics is given in the Table. In Table I in the online-only Data Supplement, a distribution of infarcts compared with the classification of the index event is demonstrated. 
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In total, 22 of the 40 patients (55%) with IPH had ≥1 infarcts on MRI, whereas 25 of the 61 patients (41%) without IPH had ≥1 infarcts on MRI (P=0.22). In total, 22 of the 49 patients (45%) with a TRFC had ≥1 infarcts on MRI, whereas 18 of the 37 patients (49%) with a thick fibrous cap had ≥1 infarcts on MRI (P=0.83). Analysis based only on cortical infarcts, resulting from large-vessel disease, did not change the significance of the results. In 13 of the 40 patients (33%) with IPH ≥1, cortical infarcts were present on MRI, whereas in 11 of the 61 patients (18%) without IPH ≥1, cortical infarcts were present on MRI (P=0.10). In 9 of the 49 patients (18%) with a TRFC ≥1, cortical infarcts were present on MRI, whereas in 10 of the 37 patients (27%) with a thick fibrous cap ≥1, infarcts were present on MRI (P=0.43).
Discussion
The current study demonstrates that the presence of IPH and a TRFC in the stenosed carotid artery is not related to the presence of old and recent infarcts in the flow territory of the symptomatic carotid artery.
The current results are in contrast with previously published studies. 3, 5, 10 IPH and TRFC are demonstrated to be significantly associated with the presence of acute infarcts on diffusion-weighted imaging. About infarcts on fluidattenuated inversion recovery imaging, which represent both old and recent infarcts, controversial associations are demonstrated. 4, 10 Ouhlous et al 10 demonstrated a statistically significant correlation between the presence of a lipid core in the carotid plaque and infarcts on FLAIR. However, the presence of a lipid core lacks information about the status of a possible fibrous cap. The current study results are in line with Lindsay et al, 4 demonstrating no statistically significant association between TRFC and infarcts on FLAIR.
In the current study, imaging of the carotid plaque and the brain was performed on the same day, which implies that both MRI of the carotid plaque and MRI of the brain were obtained after the acute phase. Although histology studies demonstrated that vulnerability stabilizes after the acute phase, 11 literature on in vivo imaging of this process is controversial. On the one hand, MRI enables to visualize different stages of plaque vulnerability. 12 On the other hand, however, previous MRI studies have demonstrated that the presence of IPH and TRFC on MRI does not change significantly over time within 1 year. 7, 13, 14 In addition, infarct volume on FLAIR images is found to decrease over time within 1 month, but disappearance of infarcts on FLAIR has, to the best of our knowledge, never been reported. 15 These results suggest that the absence of a relationship between a high-risk plaque with IPH or TRFC components and the presence of infarcts on FLAIR images could not be explained by the rather long time interval between index event and imaging (median, 45 days; range, 7-100 days). Nevertheless, because FLAIR images also show infarcts older than the index event, this might explain why in the current study the presence of IPH and TRFC does not correlate with cerebral infarcts on MRI, in contrast to previously published studies on diffusion-weighted imaging positive infarcts in an early phase after the ischemic symptoms.
Conclusions
The current study demonstrates that MRI detected IPH and TRFC are not related to the presence of both old and recent cortical and subcortical infarcts ipsilateral to a symptomatic carotid artery stenosis of 30% to 69%. 
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Methods
Inclusion
In the current study patients with a symptomatic 30-69% stenosis of the carotid artery were included. Briefly, the stenosis grade was based on both the European Carotid Surgery Trial criteria (lower cutoff value of 30%) and the North American Symptomatic
Carotid Endarterectomy Trial criteria (upper cutoff value of 70%), as previously described. A Fisher's Exact test was used to evaluate the difference in plaque components between these two groups.
Results
The mean time between symptoms and imaging in patients with ≥1 infarcts in the flow territory of the symptomatic carotid artery was 44 days, compared to 52 days in patients without infarcts in the flow territory of the symptomatic carotid artery. This difference was, based on a unpaired samples t-test not statistically significant. and TRFC (p = 0.52), were not significantly different in patients imaged before and after 45 days.
Discussion
In histological literature a fibrous cap of <200 µm is considered to be a thin fibrous cap. In a previous MRI study, however, is demonstrated that the accuracy of measurements of fibrous caps <310 µm decreases significantly. 6 Besides, a good reproducibility for fibrous cap assessment based on the differentiation between thin/ruptured and thick fibrous caps is demonstrated in previous literature. 5 This classification also seems to be useful for risk assessment in patients with a high risk on recurrent cerebral ischemia. 7 For this reason we decided to classify the plaques between a thin/ruptured or a thick fibrous cap. 
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